A Study on the Effects of the Use of Gas or Water Atomized AISI 316L Steel Powder on the Corrosion Resistance of Laser Deposited Material  by Tobar, M.J. et al.
  Physics Procedia  83 ( 2016 )  606 – 612 
Available online at www.sciencedirect.com
1875-3892 © 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).








aLaboratorio de Aplicaciones Industriales del Láser. Centro de Investigaciones Tecnológicas. Universidade da Coruña. 15403 Ferrol, Spain 
$EVWUDFW
:DWHUDWRPL]HGDQGJDVDWRPL]HGSRZGHUVDUHFRPPRQO\XVHG LQ' ODVHUPDQXIDFWXULQJ%RWK W\SHVRI$,6,/VWDLQOHVV
VWHHOSRZGHUVDUHDYDLODEOHZKLFKGLIIHULQWKHLUPDQJDQHVHFRQWHQW7KLVLVGXHWRVSHFLILFSURFHGXUHVUHODWHGWRWKHWZRGLIIHUHQW
DWRPL]DWLRQSURFHVV7KHDPRXQWRIPDQJDQHVH LQ WKH ODVHU SURFHVVHGSDUWPLJKW KDYH LPSRUWDQW LPSOLFDWLRQV LQ LWV FRUURVLRQ
UHVLVWDQFH,WFRXOGOHDGWRWKHIRUPDWLRQRIPDQJDQHVHVXOILGHV0Q6ZKLFKDUHNQRZQWREHLQLWLDWLRQVLWHVIRUSLWWLQJFRUURVLRQ

















© 2016 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the Bayerisches Laserzentrum GmbH
 M.J. Tobar et al. /  Physics Procedia  83 ( 2016 )  606 – 612 607
PLJKWDULVHLQLWVFKHPLFDOFRPSRVLWLRQ6SHFLILFSURFHGXUHVLQWKHDWRPL]DWLRQRIWHQUHVXOWLQGLVWLQFWLYHFRQWHQWVRI
PLQRUHOHPHQWVZKLFKFDQLPSDLURUHQKDQFHWKHSURSHUWLHVRIWKHPDQXIDFWXUHGSDUW
6WDLQOHVV VWHHO / SRZGHUV DUH FRPPHUFLDOO\ DYDLODEOH HLWKHU E\ZDWHU DQG JDV DWRPL]DWLRQ*HQHUDOO\ JDV
DWRPL]HGSRVVHVDPDQJDQHVHFRQWHQWRIDERXWLQDFFRUGDQFHZLWKFRQYHQWLRQDOO\SURGXFHGZURXJKWPDWHULDO
0DQJDQHVH LV JHQHUDOO\ DGGHG WR VWDLQOHVV VWHHO WR FRPELQHZLWK VXOIXU WR IRUPPDQJDQHVH VXOILGH 0Q6 7KLV
FRPSRXQG DFWV DV D VHOIOXEULFDQW DQG LPSURYHV PDFKLQDELOLW\ 0F*XLUH 0)  +RZHYHU ZDWHU DWRPL]HG
SRZGHUVSUHVHQWDPDQJDQHVHFRQWHQWDVORZDV,QWKLVDWRPL]DWLRQSURFHVVWKHDPRXQWRIPDQJDQHVHKDVWR
EH ORZHUHG VR DV WR SUHYHQW WKH R[LGDWLRQ RI WKH REWDLQHG SURGXFWV .ODU ( 6DPDO 3.  7KHUHIRUHZDWHU
DWRPL]HGSRZGHUVSUHVHQWDGLPLQLVKHGSUHVHQFHRIPDQJDQHVHDVZLWKUHVSHFWWRWKHLU*$FRXQWHUSDUWV7KLVFRXOG








)LJXUH  JLYHV DQ RYHUYLHZ RI WKH JHQHUDO PRUSKRORJ\ RI WKH VWDLQOHVV VWHHO SRZGHUV 7KH\ ERWK SUHVHQW









         
*DV$WRPL]HG
MetcoClad 316L
         
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5HVXOWV RQ PLFURKDUGQHVV SURILOHV IRU WKH ZURXJKW DQG ODVHU PDQXIDFWXUHG VDPSOHV DUH VKRZQ LQ )LJXUH 
0HDVXUHPHQWVZHUHGRQHDORQJWKHGLDJRQDORIWKHPP[PPVTXDUHVHFWLRQVVRDVWRGHWHFWYDULDWLRQVDULVLQJ
RQ ODVHU RYHUODSSLQJ DQGRYHUOD\LQJ GXH WR KHDW DFFXPXODWLRQ1R VLJQLILFDQW GLIIHUHQFHVZHUH VHHQEHWZHHQ WKH
ODVHUSURFHVVHGDQGWKHZURXJKWPDWHULDOQHLWKHUDORQJWKHH[DPLQHGSDWK\LHOGLQJDKDUGQHVVRI+9RQ
DYHUDJH 5HVXOWV DJUHH ZLWK YDOXHV UHSRUWHG E\ RWKHU DXWKRUV RQ ODVHU PHWDO GHSRVLWLRQ RI $,6,/ 9LFNHUV
KDUGQHVVUDQJLQJEHWZHHQDQG+9ZHUHPHDVXUHGGHSHQGLQJRQDSSOLHGODVHUSDUDPHWHUV0DMXPGDU-'HW
DODQGSRZGHUJUDLQVL]H3LQNHUWRQ$DQG0DKPRRG.
4.2. Potentiodynamic polarization tests 
$QRGLFSRODUL]DWLRQVFDQ UHVXOWV IRU WKH WKUHH WHVWHGVDPSOHVDUHGLVSOD\HG LQ ILJ ,QJHQHUDO WHUPVDOO VKRZ
W\SLFDO FXUYHVFRUUHVSRQGLQJ WR VWDLQOHVV VWHHO SDVVLYDWLRQ LQ1D&O HQYLURQPHQW+RZHYHU VLJQLILFDQW GLIIHUHQFHV




SLWWLQJSURSDJDWLRQ3DVVLYLW\ LQ WKHZURXJKW VDPSOHV IDLOVDOUHDG\DW9QHYHUWKHOHVV VKRZLQJFOHDU VLJQVRI
PHWDVWDEOH SLWWLQJ RQ WKH SURWHFWLYH ILOP 7KHVH DSSHDU DV SHDN FXUUHQWV LQ WKH JUDSK FDXVHG E\ SLW QXFOHDWLRQ
JURZWKDQGILQDOUHSDVVLYDWLRQ,WLVEHOLHYHGWKDWSLWVLQLWLDWHDWWKHPDQJDQHVHVXOILGHLQFOXVLRQVVLWHVRQWKHVXUIDFH
RIWKHFRPPHUFLDOPDWHULDO7KH:$ODVHUVDPSOHVKRZDUHPDUNDEOHVPRRWKSURILOHZLWKDEVHQFHRIDQ\WUDFHRI
PHWDVWDEOH SLWWLQJ 7KLV LV DGGUHVV WR WKH UHGXFHG DPRXQW RI 0Q DQG FRQVHTXHQW ORZHUHG SUHVHQFH RI SLWWLQJ
QXFOHDWLRQVLWHV$VIRU WKH*$VDPSOH WKHFXUYHVKRZVDUHGXFHVORSH LQGLFDWLQJD ORZHUSRODUL]DWLRQ UHVLVWDQFH
ZKLFK WUDQVODWHV LQ LQFUHDVHGFRUURVLRQUDWHV%HVLGHV VLJQVRISLWWLQJEHFRPHPRUHFOHDUO\YLVLEOHDV WKHYROWDJH
ULVH WR SLWWLQJ SRWHQWLDO YDOXHV 7KH KLJKHU PDQJDQHVH DPRXQW FRXOG EH UHVSRQVLEOH IRU WKH ZRUVHQHG FRUURVLRQ
UHVLVWDQFHEHKDYLRU$Q HQQREOHPHQW RI WKH*$ VDPSOH DVZLWK UHVSHFW WR WKH ODVHU DQGZURXJKW VDPSOHV LV DOVR
REVHUYHG  UHIOHFWHGE\ WKHSRVLWLYH VKLIWRI WKHFRUURVLRQSRWHQWLDO(FRUU$VLPLODU HIIHFWZDVHQFRXQWHUHGE\<
+HGEHUJHWDOZKLOHVWXG\LQJVXUIDFHR[LGHFKDUDFWHULVWLFVRIJDVDQGZDWHUDWRPL]HG$/SRZGHUV7KH\
DGGUHVV WKHQREOHUSRWHQWLDO RI WKH*$SRZGHUV WR WKH H[LVWHQFHRI I WUL DQGRU WHWUDYDOHQW0QR[LGHV LQ WKHJDV
DWRPL]HGSDUWLFOHVZKLFKZHUHDEVHQWLQWKHFDVHRIWKHZDWHUDWRPL]HGRQHV
,W LVJHQHUDOO\DJUHHG WKDW WKHPHFKDQLVPRISDVVLYDWLRQ LQVWDLQOHVVVWHHOV UHOLHVRI WKHGLIIXVLRQRIFKURPLXP
DWRPVIURPWKHEXONPDWHULDOWRWKHVXUIDFHDQGVXEVHTXHQWIRUPDWLRQRIDFKURPLXPR[LGHULFKSURWHFWLQJOD\HU
$FFRUGLQJ WR WKLVPRGHOJUDLQERXQGDULHVDQGGLVORFDWLRQV LQ WKHFU\VWDO VWUXFWXUHZRXOGDFWDV IDVWDQGHIILFLHQW
GLIIXVLRQSDWKVIRUFKURPLXPPLJUDWLRQ7KRXJKVWLOODVXEMHFWRIGLVFXVVLRQVHHIRUH[DPSOH.'5DOVWRQDQG1
%LUELOLV  LW LVSUHVXPHGWKDW LPSURYHGFRUURVLRQUHVLVWDQFHFRXOGEHREWDLQHGE\UHGXFLQJ WKHJUDLQVL]H LQ
VWDLQOHVV VWHHOV $FFRUGLQJO\ ODVHU PDQXIDFWXUHG VWHHO VDPSOHV PLJKW VKRZQ VXSHULRU DQWLFRUURVLRQ SURSHUWLHV
EHFDXVH RI LWV ILQH GHQGULWLF VWUXFWXUH DV FRPSDUHG WR WKHLUZURXJKW FRXQWHUSDUWV2XU UHVXOWV VKRZ WKDW D EHWWHU
SHUIRUPDQFHDJDLQVWFRUURVLRQLVREVHUYHGIRUWKH:$ODVHUIDEULFDWHGVDPSOH+RZHYHUWKLVLPSURYHPHQWVHHPVWR
EHUHODWHGWRUHGXFHGPDQJDQHVHFRQWHQWUDWKHUWKDQWRPDWHULDOPLFURVWUXFWXUH7KH*$ODVHUVDPSOHZLWKDVOLJKWO\




D VPRRWK SURILOH DQG ODFN RI PHWDVWDEOH SLWWLQJ LQ WKH KLJK SXULW\ RQH 7KH\ FRQFOXGH RQ WKH GHFLVLYH UROH RI
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LPSURYHG FRUURVLRQ UHVLVWDQFH RI:$ ODVHUPDQXIDFWXUHGPDWHULDO DV ZLWK UHVSHFW WR FRQYHQWLRQDOZURXJKW RQH
/DVHU *$ VDPSOHV VKRZ D ZRUVH DQWLFRUURVLRQ SHUIRUPDQFH DV FRPSDUHG WR WKH :$ VDPSOHV LQ WHUPV RI
SRODUL]DWLRQ UHVLVWDQFH FRUURVLRQ UDWH DQG SLWWLQJ VXVFHSWLELOLW\ ,W LV FRQFOXGHG WKDW DPRXQW RI 0Q SUHVHQW LQ
DWRPL]HG SRZGHUV PLJKW SOD\ DQ LPSRUWDQW UROH LQ WKH FRUURVLRQ UHVLVWDQFH RI WKH ODVHU IDEULFDWHG SDUW 0RUH
V\VWHPDWLFVWXGLHVDUHQHHGHGLQFOXGLQJDZLGHUVDPSOHRI$/SRZGHUVZLWKGLIIHUHQW0QFRPSRVLWLRQVDQGWKH
612   M.J. Tobar et al. /  Physics Procedia  83 ( 2016 )  606 – 612 













3LQNHUWRQ $ /L /  5DSLG SURWRW\SLQJ XVLQJ GLUHFW ODVHU GHSRVLWLRQ WKH HIIHFW RI SRZGHU DWRPL]DWLRQ W\SH DQG IORZUDWH -RXUQDO RI
(QJLQHHULQJ0DQXIDFWXUH













<+HGEHUJ01RUHOO 3/LQKDUGW+%HUJTYLVW ,2GQHYDOO:DOOLQGHU ,QIOXHQFH RI VXUIDFH R[LGH FKDUDFWHULVWLFV DQG VSHFLDWLRQ RQ FRUURVLRQ
HOHFWURFKHPLFDOSURSHUWLHVDQGPHWDOUHOHDVHRIDWRPL]HG/VWDLQOHVVVWHHOSRZGHUV,QWHUQDWLRQDO-RXUQDORI(OHFWURFKHPLFDO6FLHQFH

